An edge of a hexagonal system H is said to be forcing if it belongs to exactly one perfect matching of H. Using the concept of Z-transformation of hexagonal system, we give a characterization for the hexagonal systems with forcing edges and determine all forcing edges is such systems. We also give the generating function of all hexagonal systems with forcing edges.
M 2 are joined by an edge provided that their symmetric difference Mt A M2 is a hexagon of H.
In [14] we showed that if H is a hexagonal system with perfect matchings, then Z(H) is connected and bipartite. Furthermore, the connectivity of Z(H) is equal to its minimum degree [13] . Some more notations are as follows. Let H be a hexagonal system, So be a hexagon of H, 0 be the center of So. Draw three straight lines through 0 such that every line perpendicularly intersects a group of parallel edges of H. In fact, we obtain six half lines denoted by OA t, OA2, OBI, OB2, OCt and 0C2, see Fig. 1 . We call OArOBrOCi (i = 1, 2) a coordinate system with respect to (w.r.t.) So. Evidently, a coordinate system OArOBrOCi w.r.t. So divides the plane into three areas A~OB~, BiOCi, C~OAv Let OA-OB-OC be a coordinate system w.r.t So. For a point W lying in some areas, say AOB, we define the coordinates of W to be the lengths of O ~ and O I, VB, see 
(3) The perimeter of T(H) is monotone w.r.t, the coordinate system OA-OB-OC
shown in Fig. 6 .
A 3
Fig . 6 .
The above two lemmas are Theorems 6 and 7 of [14] . Now we are on the point to prove the main results of this paper. (
ii) The periphery of T(H) is a parallelooram with one anole equal to 120 °. (iii) T(H) is a straioht path (may be a single vertex).
Proof. Suppose that Z(H) has a vertex of valence. First, draw the smallest big hexagon S(H) for H mentioned in Lemma 2 (see Fig. 6 and Ps intersect at a center O of a hexagon So of H, and the other three perpendicular bisectors of P2, p, and P6 intersect at a center O' of a hexagon s~ of H (s~ may equal so). completely determined forcing edges in cata-condensed hexagonal system and gave an explicit expression for the number of cata-condensed hexagonal systems with forcing edges and with h hexagons. Now we can determine all forcing edges in any hexagonal systems.
Moreover, the perimeter of T(H) is monotone w.r.t, the two coordinate systems

OA-OB-OC and O'A'-O'B'-O'C',
From the proof of Theorem 1 we can see that if the minimum degree of Z(H) is greater than one, H has no forcing edges. It remains to consider only those H whose Z(H) has 1 or 2 vertices of valence one by Lemma 3. Fig. 8 ).
Theorem 2. Let H be a hexagonal system with perfect matchings and Z(H) have exactly two vertices of valence one. Then one of the following three cases must occur: (i) The perimeter of T(H) is a big hexagon and H has no forcing edges (see
( Fig. 9 .
ii) The perimeter of T(H) is a parallelogram and H has exactly 4 forcing edges shown in
( Fig. 9 ).
iii) T(H) is a straight path with h vertices and H has h+ 5forcing edges (see
ProoL For (i), let us recall the proof of Lemma 3. There, the three perpendicular bisectors of 91, Oa and 95 intersect at the center of an interior hexagon So of H. The conditions of Theorem 1 cannot be fulfilled and thus H has no forcing edges. For (ii), from the proof of Lemma 3 we know that So and s~ have external edges ql, q2 and q], qh, respectively. These 4 edges are forcing ones of H. As for the other perfect matchings, the corresponding vertices in Z(H) have degrees greater than 1. Finally, we turn to the enumeration of the hexagonal systems with forcing edges. First we deal with the hexagonal systems whose Z-transformation graphs have exactly one vertex of valence one, called hexagonal systems of Type I. From the previous discussion, without loss of generality, we can assume that the centers of the three hexagons with maximum distances from the origin of the OA-OB-OC coordinate system and lying on the axes have coordinates ma, rob, m~, respectively, see Fig. 11 .
Let H have h hexagons. Then ma+rnb +mc+ 1 <,h~m.mb +mbm¢+m.+mb +m~+ 1, where m, >/mb/> 1 and mc >~ 1. Without loss of generality, we always assume ma ~< me. For each group of such m,, mb and m~ and a given h fulfilling the above inequalities, we enumerate the hexagonal systems whose Z-transformation graphs have exactly one vertex of valence one.
Let h'=h-(ma+mb+m~)-1 and h'=hl +ha, where hi and h2 are the numbers of hexagons in the areas AOB and BOC, respectively. Then we partition hi (h2) into at most mb parts each of which is at most m° (m,), see 
By combining these two partitions, we obtain a partition of h' which corresponds to a hexagonal system of Type I whose Z-transformation graph has exactly one vertex of valence one. When mo ~mc, this correspondence is a bijection and hence the generating function of the hexagonal systems of Type I is as follows: where p(mo, mb, me; h) is the number of hexagonal systems of Type I with h hexagons and with too, rob, mc being shown in Fig. 11 . When ma = m~, OB is an axis of (reflectional) symmetry. This forms a cyclic group of order 2. One can see that its cycle index is Z(C2)=½(s 2 +s2) (see P36 [6] ). By Polya's enumeration theorem (see P42 [6] ) we have G(ma, mb, me; x) =½x 2=a +mb + t (G2 (ma, rob; X) + G(ma, mb; x2)).
Now we deal with the case that Z(H) has exactly two vertices of valence one. By Lemma 3 and Theorem 2 the periphery of T(H) is either a parallelogram or a straight path. If T(H) is a straight path, then for any h there is exactly one such kind of hexagonal system. If T(H) is a parallelogram, then from an enumeration result of [5] l rls tr + 1)7-1 such kinds of hexagonal systems with we know that there are [" ~ ~i= 1, i h hexagons, h = p~l p~ ,, • ..p~, where the Pi are distinct primes and r~ >/1 (i = 1,2 ..... s).
